Introduction
Retinal development starts early, and by mid gestation all retinal cells are present but very immature. 1 Further development includes differentiation of the retinal cells, as well as migration and apoptosis of cells to form the adult retinal structure. 2 This process continues gradually and is not fully complete until several years after birth. The development of retinal function follows the differentiation of the retinal cells and structures. Healthy fullterm infants have a more immature fullfield electroretinogram (ffERG) response from rods than from cones when measured at birth indicating that cones mature earlier than rods. [3] [4] [5] A rapid development of the ERG response of both rods and cones takes place during the first 4 months of life, and continues slowly until early school age. 6 The ERG response in prematurely born children is very immature when recorded at 30 weeks of gestational age (GA) with low amplitudes and long implicit times for both rod and cone responses. 7, 8 The ERG matures continuously and in healthy preterm children tested at 40 weeks of gestation the amplitudes reach the level of fullterms tested just after birth. 4 ERG in former preterm schoolchildren has only been performed to a limited extent and mainly in children with previous retinopathy of prematurity (ROP). 9 Prematurely born children have various visual dysfunctions when tested at school age, such as decreased visual acuity (VA), affected visual fields, reduced contrast vision, and increased prevalence of refractive errors and strabismus. [10] [11] [12] [13] [14] The main reasons for their visual problems are ROP and neurological complications, such as periventricular leukomalacia (PVL) and intraventricular hemorrhag-es (IVH). 15, 16 However, preterm children with no ROP or only mild ROP and no evident neurological complications may also have affected visual functions, suggesting that other mechanisms are involved in this process. 17, 18 In a recent study, we showed increased macular thickness, measured with optical coherent tomography (OCT) in prematurely born children at school age. 19 Further, increasing macular thickness was correlated with decreasing gestational age at birth, suggesting a disturbance in macular development due to the preterm birth.
The aim of the present study was to examine retinal function with ffERG in former preterm children and in children born at term. A second aim was to investigate if there was a correlation between retinal function and GA, VA, and ROP.
Materials and Methods
A study group of 35 children born before 32 weeks of gestation between 1996 and 2007 was recruited from the Department of Ophthalmology at Uppsala University Hospital, Sweden. All children had taken part in routine screening for ROP at the Neonatal Department at Uppsala University Hospital. Screening started in the fifth postnatal week and continued until the retina was fully vascularized, or in case of ROP, until it had fully resolved. ROP was classified according to the revised international classification.
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Treatment with cryopexy or laserphotocoagulation was performed if criteria for treatment were fulfilled: ROP stage 3 in at least four continuous clock hours with or without plus disease.
A control group of 42 children was recruited from Department of Ophthalmology at Uppsala University Hospital. They were born at term (GA . 37 weeks) with normal birth weights (BW . 2500 g).
Informed consent was obtained from the study children and their caregivers.
Best-corrected VA was assessed for each eye with linear logMar charts. Pupils were fully dilated using a mixture of phenylephrine 1.5% and cyclopentolate 0.85%. The pupil size was noted and extra dilating drops were given if the pupil size was less than 6 mm. FfERG was performed using the Espion system (Diagnosys, LCC, Lowell, MA) and stimuli were produced by white flash, light emitting diodes. Responses were obtained with a fixed-gain and a wide-band digital filter (0.3-300 Hz). Anesthetic eye drops were given and Dawson-Trick-Litzkow (DTL) electrodes, consisting of a thin silver thread, were applied along the lower eyelids. Reference electrodes The preterm group is divided according to ROP. * In the fullterm group all children were born after 37 weeks of gestation with a birth weight over 2500 g. 21 An exception is the light-adaption time, which was excluded to make the procedure easier for the children. 22 For details of the ERG-protocol see Table 1 . The single-flash stimulations were performed six times and the interval between successive flashes in the rod responses was at least 5 seconds. Artifact rejection was active with response more than 1000 uV. An average of implicit times and amplitudes of the aand b-waves with an amplitude greater than 1 uV was used for analysis. Fixation was continuously monitored with an infrared camera in the dome. After completion of the ffERG, automatic refraction in cyclopegia was performed.
The majority of the ERG assessments were performed by one of the authors (HÅ) and the others by two experienced technicians.
The study was approved by the ethics committee at Uppsala University, and adhered to the tenets of the Declaration of Helsinki.
Statistical Methods
Statistical calculations were performed using SPSS 21 (IBM Corporation, Armonk, NY). The preterm and fullterm groups were compared using the MannWhitney U test. Further, the fullterm group was compared with the preterm group divided into two groups, without ROP and with ROP, using Kruskal Wallis test and Dunn's multiple comparisons test. Correlations between ERG-responses and BW, VA, GA, ROP, and spherical equivalent were determined with the Spearman correlation test. P less than 0.05 was considered statistically significant.
Results
Data of the right eyes were used and descriptive data for the fullterm group and the preterm group are seen in Table 2 . There was a difference in VA between the groups but not statistically significant. The spherical equivalent was significantly different between the groups using absolute values in the statistical analysis (P ¼ 0.03). In the preterm group one child could only complete the Rod12.0, 30-Hz flicker and single cone flash due to poor cooperation. The result from the Rod 0.17 response in another child was excluded due to poor cooperation.
In the preterm group, 18 children had no ROP in the neonatal period, 12 had untreated ROP, and 5 children were treated for ROP with cryopexy or photocoagulation of the retina ( Table 2) .
The results from the ERG protocols used from one fullterm and one preterm child are shown in Figure 1 . The amplitudes and implicit times of the a-waves for the scotopic combined rod/cone responses in fullterms and preterms are seen in Table 3 .
The a-wave amplitudes of the Rod 0.17, Rod 3.0, and Rod 12.0 responses were significantly lower in the preterm group compared with the fullterm group (Rod 0.17, P ¼ 0.022; Rod 3.0, P ¼ 0.003; Rod 12.0, P ¼ 0.000). There were no differences between the groups regarding implicit times of the a-wave in any of the responses or regarding b-wave amplitude or implicit times. Finally, there were no differences between the preterm and fullterm groups regarding the 30-Hz flicker or single cone flash responses, neither regarding implicit times nor amplitudes.
All ERG-values for the fullterm group are presented in Supplementary Table S1 .
Relation to ROP
A-wave amplitudes and implicit times of the different ERG responses of the three subgroups of preterm children, children without ROP, with untreated ROP, and with treated ROP respectively, are illustrated in Table 3 .
When dividing the preterm group in two groups, preterm without ROP and preterm with ROP, multiple comparisons showed that the difference between fullterm and preterm children was mainly due to the difference between the fullterms and the preterms with ROP, Rod 0.17 (P , 0.01), Rod 3.0 (P , 0.01), and Rod 12.0 (P , 0.001). There was a difference between the fullterm group and the preterms without ROP and between preterm with and without ROP as described in the boxplot in Figure 2 , but the differences were not statistically significant.
Relation to GA
In the preterm group there were significant correlations between the a-wave amplitude of the Rod 0.17 response and GA (correlation coefficient ¼ 0.38, P ¼ 0.036), the Rod 3.0 response (correlation coefficient ¼ 0.33, P ¼ 0.039), and the Rod 12.0 response (correlation coefficient ¼ 0.40, P ¼ 0.029). All correlations became weaker and nonsignificant if children with ROP were excluded. In the other responses, there were no significant correlations with GA at birth. For illustration, the correlation between Rod 0.17 a-wave amplitude and GA is presented in Figure 3 .
There were no correlations between a-wave amplitude and birth weight, VA, or spherical equivalent for any response.
Discussion
In the present study, the a-wave of the dark adapted rod/cone responses was reduced in prematurely born children compared with children born at term.
The a-wave of the ffERG represents the photoreceptor function, whereas the b-wave reflects the function of the postreceptor cells. 23 The different ffERG responses include the contribution of rods and cones in various degree depending on stimulus parameters and adaption. 24 Additionally, it has been suggested that early components of the post receptor response may affect the a-wave. 25 In the ISCEV protocol, the scotopic Rod 0.17, Rod 3.0, and Rod 12.0 provide combined responses from both rods and cones. 21 The a-wave amplitude in the combined rod/cone responses was reduced in the prematurely born children compared with children born at term in the present study. The b-wave amplitude was not affected when compared with the fullterm group. These results are in line with previous studies where preterm children with ROP in the neonatal period were found to have a reduced rod function compared with fullterm children. 9, 26 In those studies, the rod function was determined by repeated recordings of the responses to brief blue stimuli with different intensities, after which the sensitivity and saturation of the rod photoreceptors were calculated. The present study uses a ''clinical protocol'' mainly in accordance with the standards of ISCEV, 21 which makes it possible to correlate the results to ERGs of known retinal diseases, and for others to repeat our trials.
The cone photoreceptor function in former preterm children seems to be affected to a lesser extent than the rod photoreceptor function. 27 The photoreceptors in the peripheral retina consist of both rods and cones, but rods outnumber cones by 20 to 1. Differentiation of the peripheral photoreceptors differs and rods mature later than cones during the second part of gestation. It has been suggested that this makes the rods more vulnerable to effects of preterm birth, and may thus explain why cones are less affected than rods. 8 This accords with the result of the present study, in which the cone response was not affected in the preterm group when compared with the fullterm group.
In the present study, ROP affected the rod photoreceptor function in former preterm children, also if children treated for ROP were excluded. This was in line with previous studies of Fulton et al. 26 who discussed the role of ROP in the etiology of reduced rod photoreceptor function, explained by the hypoxic environment in the retina causing ROP. Our data point to an effect on rod function also in preterm children without ROP, but extended studies with larger groups of prematurely born children without ROP are needed to possibly show this more clearly.
There was a correlation between a-wave amplitude and GA in the preterm group of our study, but the correlation became weaker if the children with ROP were removed. In a previous study, we found a correlation between central macular thickness measured with OCT and GA, suggesting that prematurity per se affects the retinal development. 19 Possibly a study with a larger number of children without ROP in the neonatal period would show if immaturity per se also affects the retinal function.
To conclude, prematurely born children in the present study had a reduced photoreceptor function at school age, possibly even if they did not have ROP during the neonatal period. The photoreceptor function is more reduced in the children with the lowest gestational ages at birth. Whether this is explained by ROP, maturity per se or a combination of both, remains to be elucidated.
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